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grease, as defined by the dictionary, is 
ick oily or buttery preparation, and the 
Siem applies to any thick lubricant. Normal 
nical usage, however, distinguishes be- 
Simeen oils and greases in that an oil exhibits 
nly viscous flow properties over the 
bole range of applied force, while a grease 
definite resistance to flow in the lower 
ge of applied force. This resistance to 
; is usually great enough so that the 
pase will retain its shape and position 
hinst the action of the force of _Bravity. 
@ grease, or “buttery preparation” can in 
Metal be made with any oil or fluid as the 
e icle by the proper choice of a thickening 
SmWhen the silicone fluids first appeared, 
fe while their properties were being evalu- 
d, it became apparent that they should 
Mike almost ideal vehicles for lubricating 


MANY Most discussions of the properties 

ied in an oil for making a lubricant of 
Mease-like consistency emphasize exactly 
; bse properties for which the silicone fluids 
. outstanding. Some of these properties 
) La, prope 

(a) Low change of viscosity with 
tem 
perature 
(b) Low volatility 
es (c) Resistance to oxidation 
Lub. (d) Stability at high temperatures 
rication 
ication 4 (e) Low freezing point 
yrication | 
lement When all of the above properties are 
Wall 

‘race ilable in a single fluid, it becomes un- 
Bulletin le 
bulletin ssary to make compromises in the prop 
ERVICE es of the final grease, such as sacrificing 
omotive ht 
and Htemperature stability for the sake of 


d at low temperatures. 

he first silicone material having a grease- 
consistency found extensive use as a 
ee'proofing and sealing compound in air- 


T. A. Kaupp1 — Dow Corning Corporation 


craft ignition systems and as an auxiliary 
dielectric material in radio systems. This 
Silicone material known as DC 4 Compound 
is colorless and translucent and can be made 
in a wide range of consistencies but is usu- 
ally furnished at a penetrometer of 240- 
260. It is extremely waterproof and water- 
repellent and retains its grease-like consist- 
ency from —40° to over 400°F. 


DC 4 Compound was tried repeatedly 
and hopefully as a lubricant for ball bear- 
ings, and in every case gave very poor re- 
sults. Wear was extremely high, bleeding 
occurred, torque was high, and the bearing 
life was usually in the order of 24 hours or 
less. DC 4 Compound, however, did find a 
type of lubricating use as a surface treat- 
ment for ignition cable in wiring up the 
harness. A similar compound, DC 7, has 
proved to be very effective as a lubricant 
for the rubber bags used in low-pressure 
molding. In these applications, water repell- 
ency, oxidation resistance and inertness to 
synthetic rubber are quite important. Simi- 
lar grease-like materials are used for lubri- 
cating glass and ceramic stopcock and for 
pressure lubricated valves. A special sili- 


Silicone Lubricating Grease 


cone grease has also been developed for lu- 
bricating joints in systems operated at high 
vacuums. In these uses, thermal stability 
and chemical resistance are the most import- 
ant factors, as the actual lubricating re- 
quirements are quite mild. 


BEARING LUBRICANTS 


The problem of making a good silicone 
grease for bearing lubrication was compli- 
cated by two factors. The first was that any 
thickening agent used should have about 
the same order of heat stability as the sili- 
cone fluids; the second was that most of the 
metallic soaps proved to be insoluble in the 
silicone fluids. However, the problem was 
finally solved by two different methods and 
at the present time two types of silicone lu- 
bricating greases are being made. 

One of these two types of silicone lubri- 
cating greases DC 41, is designed for bear- 
ings operating at temperatures up to 200°C. 
and at speeds which are relatively low. The 
other type of silicone lubricating grease is 
produced in two formulations, DC 33 and 
DC 44. DC 33 is designed for high speed 


bearings operating at very low temperatures 


TABLE I 
Percentage of Weight Lost After 40 Hours at 175°C. (347°F.) 


HicH TEMPERATURE 
PETROLEUM GREASES 


Dow CorNnING 
GrREASES 


B Cc 


58.3% 39.3% 34.8% 


DC 33 DC 41 DC 44 
4.6% 4.2% 3.3% 


After 40 hours exposure at 175°C., a crust had formed over the surface of the three petro- 
leum greases. The silicone greases were still soft and serviceable. 


cHAS S!5 
ks UBRYCATION | 
> 
10N 
Ill, 
4 
| 
| 
in 
4 
— ; 
| 
in| 
| 


2 
TABLE II 
SpeciFICATIONS For Dow Corninc SILicone GRrEASES 

WORKED PENETROMETER 280-330 295-305 240-260 
(ASTM-D 217-44T) 
FLASH POINT 525°F. 535°F. 550°F. 
(ASTM-D 92-33) 
DROPPING POINT 390°F. 390°F. 390°F, 
(ASTM-D 566-42) 
not less than 200°C. 200°C. 200°C. 
BLEEDING 
(ANG-3A Specification) 
16 hrs. at 110°C. —less than 2% 4% 2% 


The properties of these three Silicone greases will be discussed in greater detail in the fol- 
lowing pages, and the results of some of the tests conducted to determine their lubricating 


life will be described. 


but it also has good lubricating life at ele- 
vated temperatures. DC 44 is designed for 
bearings operating at elevated temperatures 


but at speeds up to 10,000 R.P.M. 


PRropeRTIES AND SPECIFICATIONS 
An indication of the low volatility of 
these silicone greases is contained in Table 
I. 
These three silicone greases are manufac- 
tured to conform to the specifications in 


Table II. 


Smicone Grease DC 41 


In this silicone grease, a very finely divided 
carbon black is used as the thickening agent 
for a silicone fluid of good lubricity. It was 
the first which showed promise in the lu- 
brication of ball bearings. In one series of 
tests, six no. 212 ball bearings were mount- 
ed on a shaft in an enclosure which could 
be heated to any desired temperature. This 
testing device is shown with the oven lid 
open in Figure I. Each bearing was spring- 
loaded with 150 lbs. radial load, and the 
shaft rotated at 1750 R.P.M. by a 1 HP. 
motor. Failure of the bearings was deter- 
mined by several methods. 

(1) Decrease in the time required for 
the rotating shaft to coast to a stop when 
the motor is shut off. 

(2) Observation of any abnormal tem- 
perature rise of an individual bearing by 
means of a thermocouple placed in each 
bearing housing. 

(3) Observation of any sudden increase 
in power required to drive the test set as 
indicated on a watt meter. 

These three indications of bearing failure 
have, in general, appeared simultaneously 
and seem to coincide with the first appear- 
ance of unusual noise from the test set. 

This test set was first used to evaluate 


the life of DC41 greasé at, 150°C. 


(302°F.) and an average bearing lifr of 
about 1300 hours was established. At 125°- 
C. (257°F.) the bearing life was 6000 
hours. These figures are about eight times 
the values that were observed with the best 
petroleum greases. 
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However, when these results were che 
ed on the bearings of electric motors, it \, & 
found that the results were much less {,, 
orable. The principal difference betwer 
the two test methods, it was found, was :\,.m 
in the six-bearing tester described 
the ball bearings had bronze retainer in. 
and in the electric motors, the bearings ha 
steel retainers. The laboratory test set coi 3 
be run until an actual grease failure yim 
indicated by hardening of the grease, why 
in the bearings with steel retainers the {iam 
ures were due to wear or breakage of :, 4 
retainers. 

The conclusion to be drawn from this tj 
is that DC 41 is a relatively poor lubrica:/imim 
for hardened steel balls against a soft stam 
retainer, while it is a good lubricant {mime 
steel balls rubbing on a bronze retainer. Thum 
agrees well with wear-testing results ;.Ji™ 
ported previously ‘!) on silicone fluids. 
spite this behavior, however, DC 41 
been used in bearings with steel retain: 


(1) Silicones as Lubricants by T. A. Kauppi z 
W. W. Pedersen. Technical Section, \; 
tional Petroleum News. December 5, 19: 
S. A. E. Journal March, 1946. 


Figure 1—Smicone Lusricatinc GREASE 


In the test device shown at center, six No. 212 ball bearings are mounted on a shaft, ou 
spring-loaded with 150 pounds radial load. Shaft and bearings are enclosed in an oven »h iin 
may be heated electrically to any desired temperature. The shaft is rotated at 1750 RP 
Laboratory technician is checking coasting time on single bearing tester. In this set 4 
212 bearing with bronze retainer ring is operated in an electrically heated cast iron hou: 


Shaft is rotated at 1750 R.P.M. 
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ith considerable success, especially in high- 
mperature applications. It will function as 
grease at temperatures of 200°C. and 
Bove, and in some specialized applications, 
ch as in the pumping of very hot liquids 
in bearings which must be located in 
Mgn-temperature ovens, DC 41 has definite 
Melue. If bearings with bronze retainers can 
me obtained they will give several times the 
me obtainable with ordinary bearings. 


Siticone Grease DC 44 


Beveral tests made in high-speed bearings 
ith DC 41 showed that it was not at all 
Mpustactory. At 10,000 R.P.M. and 150°C. 
q failed within 24 hours, and in addition 
Mpoduced excessive friction and temperature 
6 in the bearing. Testing of various grease 
mipositions eventually resulted in DC 44, 
ich is a silicone fluid thickened with heat 
able metallic swaps. DC 44 has now been 
Sted quite extensively at both 1750 and 
000 R.P.M. and at bearing temperatures 
metween 115°C. (239°F.) and 200°C. 
992°F.). The tests have been of three dis- 
ct kinds, as described below. 


PHOTOGRA 


haft 
en Single-Bearing 1750 R.P.M. Tester. 


TABLE III 
Lire Test on DC 44 Grease 


Test Method and Lubrication Life in Hours 


| 


Bearing | I. 1750 R.P.M. 
Temperature Tester 
“<. °F. | 
115 239 
125 257 
150 302 2600 
200 392 450 


measuring both hot and cold coasting times 
and by observation of the appearance of the 
grease at intervals. As is shown in Table III 
grease failure occurred after 2600 hours at 
150°C., or after 450 hours at 200°C. Tests 
at lower temperatures are now being con- 
ducted, but it obviously will take many 
months to reach a definite result. 


II. Bearings in 1750 R.P.M. Electric Mo- 


tors. 


Grease tests are relatively easy to run 
in laboratory bearing test sets, but it is al- 
ways debatable whether the results will com- 
pare with those obtained in actual use. Bear- 
ing loadings, vibration conditions and other 


II. 1750 R.P.M._ III. 10,000 R.P.M. 


Electric Motor Tester 

>3500 
>2500 >2800 
2200 


mechanical factors are hard to duplicate in 
the laboratory, and actual thermal gradients 
inside the bearing of an electric motor are 
quite different from those produced in labor- 
atory tests. In the normal type of induction 
motor, operated at high temperature, the 
heat flow is outward through the motor 
shaft, and the outer race of the bearing 
therefore is cooler than the inner race. In a 
laboratory bearing, such as described in 
method I, the temperature gradients are re- 
versed, in that the heat flows from the hot 
housing through the bearing to a cooler 
shaft. The inner race, then, is cooler than 
the outer race. In the case of a test bearing 
operated in an oven, the therma! gradients 


Figure 2—Siicone LusricaTING GREASE ow corninc PHOTOGRAPH 


0 RP In this test a No. 212 bearing with a 
ie i q oan retainer ring is operated in an elec- Silicone insulated 7, H.P., 1750 R.P.M., 440 volt induction motor is belt connected to a 
‘hous ly heated cast iron housing (See Fig- generator and loaded so that bearings operate at temperatures up to 150°C. in testing Sili- | 


te I). Grease failure is determined by cone greases. 


f 
3 
i | 
+ 
| 
| 
| 
: 
u 
4 
| 


Figure 3—Simicone LusBRIcATING GREASE 


DOW CORNING PHOTOGRAPH 


Grease testing device consists in two standard No. 204 Bearings mounted in electrically heat- 
ed cast iron blocks. The bearings support a shaft, belt driven at 10,000 R.P.M. Changes in 
torque are measured by temperature rise of the bearings and changes in hot and cold coast- 
ing time are used as indications of bearing failure. 


will be quite small with only the small 
amount of heat generated in the bearing 
flowing out through both the inner and out- 
er race. 


The above considerations led to tests of 
DC 44 in electric motors. Bearing tempera- 
tures are produced by actually loading the 
motor to the desired extent with a belt- 
driven generator. This test set-up is shown 
in Figure 2. The motors used are 7, H.P., 
1750 R.P.M., 440 volt induction motors, 
and they are insulated with silicone varnishes 
to permit operation of the bearings at tem- 
peratures up to 150°C. Motor winding tem- 
peratures may go as high as 275°C. 

Column II in Table III shows that the 
two tests, at 115°C. and 125°C., are still in 
operation after 3500 and 2500 hours. Motor 
coasting times, which are taken with the 
bearings both hot and cold, and the bearing 
temperature rise obtained with the motor op- 
erating under no load, indicate that little if 
any change has occurred in the bearings or 


in the DC 44 Grease. 
III. 10,000 R.P.M. Tester. 


This tester is shown in Figure 3 and 
consists of two standard No. 204 Bearings 
mounted in cast iron blocks which are elec- 


trically heated. The bearings support a 
shaft which is belt-driven at 10,000 R.P.M. 
Changes in torque are measured by tempera- 
ture rise of the bearings and changes in hot 
or cold coasting time are used as indications 
of bearing failure. As shown in Table III, 
failure was obtained at 2200 hours at 
150°C., while another bearing was still op- 
erating after 2800 hours at 125°C. Several 
high temperature petroleum greases have 
been tried in this tester and failure has oc- 
curred in the range of 50 to 200 hours. 


These results indicate that DC 44 has 
about ten times the life of a good petroleum 
grease at high temperature and high speed. 
This agrees quite well with the results shown 
in Column I of Table III, and indicates that 
in beafings with steel retainers DC 44 has 
as long a service life as it has in bronze re- 
tainers. 


During the operation of the 10,000 R.P.M. 
tester with DC 44, the bearing temperature 
on two separate occasions was inadvertently 
allowed to go above 200°C. In one case, it 
went to 225°C. for one hour, and in the 
other to 240°C. for 15 minutes. This oc- 
curred in about the middle of the test run, 
and did not seem to affect the grease appre- 
ciably. It is likely, however, that the grease 
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life was considerably shortened by these . 

treme temperatures, and it would be surpnl 

ing if the metals in the bearing were ; : 
harmed by this treatment. 


Smicone Grease DC 33 


In the first portion of this paper, it y, 
pointed out that if all the desirable Prope, 
ties are obtainable in one fluid, it becom. 
unnecessary to make special greases for 4; 
ferent operating conditions. However, ey:jmm 
with silicone fluids as grease vehicles, it ),Jim 
not yet been possible to make a grease thi 
has the extreme high temperature perfor 
ance of DC 44 and an extremely low free 
ing point. DC 44 will operate well a 
temperature of —40°F., but begins to stife 
at —50°F. Some applications, mostly m 
tary, require pe-formance at even lower ten 
peratures, and this can be obtained wit 
DC 33. 

DC 33 is a soap-type grease similar ; 
DC 44, but begins to get stiff at tempe: 
tures in the order of —70 to — 80°F. Bex 
ing tests have shown that its life at hi; 
temperature is about half that of DC ‘ 
so that it is still four to five times as hex 
stable as the best organic high temperatu:fimy 
greases. 


Discussion 
The test results described above show th: 


silicone lubricating greases can be used of 
obtain operation of ball bearings at temp: 
atures far above those considered practical 

ith petroleum greases. In addition, a si 
cone lubricating grease can be made wi 
excellent low temperature behavior and wit 
high temperature stability considerably him 
ter than that of the most stable petrolew}i 
greases. 

The greatest significance of the test x 
sults, however, is that DC 44 offers the po 
sibility of a completely stable grease for 
permanent lubrication of ball bearings. Lai 
of bleeding, extremely low volatility, «fi 
absence of gumming tendencies even at ¢ 
vated temperatures, indicate its suitabilr 
as the lubricant for bearings which mu 
operate for years without attention or ri | L 
brication. 
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to Every Bearing! 


Farval—the Dualine System 
with the Positive Piston Dis- 
placement Valve — that has 
but 2 Moving Parts—is Fully 
Adjustable—and with a Tell- 
tale at each bearing to show 
the job is done. 


THE FARVAL CORPORATION 
CLEVELAND 4, OHIO 
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“We Invite Comparison” 
THE ARO EQUIPMENT CORP. 
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Continuous, closed process revolutionizes Wax production 


T Continental Oil Company’s Ponca City 
plant, these four VoTATOR* units deliver a 
continuous flow of paraffin wax at the rate of 
more than 40,000 pounds per eight-hour day. 
This is double the volume formerly achieved 
with roll-type equipment occupying about the 
same floor space, and the job is done with half 
the manpower formerly required. One man 
serves two VOTATOR units. 

Completely closed, clean, automatic—the 
VoOTATOR mechanism turns out and packages 
uniformly crystallized wax at the critical tem- 
perature of 116° F. 

Based upon a patented principle of heat 
transfer, the continuous, closed VOTATOR proc- 
ess is equally successful with lubricating grease § 
and other viscous petroleum products. Write to I 
The Girdler Corporation, VoTaTor Division, 
Dept. IS-1, Louisville 1, Kentucky. Branch B® 
offices: 150 Broadway, New York 7, New B® 
York; 617 Johnston Building, Charlotte 2 
North Carolina. *Trade Mark Reg. U. S. Pat. Of 
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AUTOMOTIVE 


UTTING FLUIDS 


Penola 


26 BROADWAY, NEW YORK 4, N. Y. : 


TESTING 


TOPICS x 


“PRECISION” 


Norma Hoffmann 
BATHS AND BOMBS 


Lubricating greases in machine parts 
unused for long periods occasionally 
undergo oil separation, turn rancid 
and harden sufficiently to prevent free 
movement of rotating parts. Some 
lubricating greases are more stable 
than others, therefore, the selection 
of greases that have good storage 
stability is important in specifying 
lubricants for gears and transmis- 
sions, electric motor bearings, ball 
and roller bearings, sleeve bearings 
and similar applications. 


The Norma-Hoffmann Bearings Corpora- 
tion sponsored researches at the Pennsyl- 
vania State College and conducted exten- 
sive tests in its own research department, 
resulting in the development of an accel- 
erated test which predicts the storage life 
of soda-base lubricating greases. It was 
found that oxygen absorption data could 
be obtained conveniently on small samples 
with a sensitivity not attainable by methods 
involving usual chemical analysis. 


This test makes it possible to specify de- 
finite storage stability characteristics for 
lubricating greases, either in terms of the 
number of hours for the induction period 
or the rate of oxygen absorption in c.c. per 
hr. during the induction period. 


Write for detailed Bulletin No. 3410-F. 
See Your Laboratory Supply Dealer. 
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STEEL SHIPPING CONTAINERS 
STEEL PAILS AND CANS 


All Sizes—All Styles 


We would appreciate your inquiries 


Central Can Company, Inc. 
2415 W. 19th STREET 


CHICAGO, ILL. 


tadustrial Ores 


ond Chemows 


PHILADELPHIA ASBESTOS * EXTON * PENNSYLVANIA 
HOME OFFICE: 1609 SUMMER STREET, PHILADELPHIA. PA. 


“Good Oil is 
essential to good grease’ 


DEEP ROCK 
“G" Cylinder Stock 
Dewaxed Bright Stocks 
and Neutral Oils 


DEEP ROCK OIL CORPORATION 
155 N. Clark St. Chicago, Ill, 


DOPP 
positively- 
scraped 
GREASE 
KETTLES 
and 


PRESSURE 
MIXERS 


BUFLOVAK EQUIPMENT DIVISION 
of Blaw-Knox Company 


1625 Fillmore Ave. Buffalo 11, N. Y. 


Animal, Cottonseed, Hydrogenated Fish Oil 
FATTY ACIDS, STEARIC and OLEIC ACIDS for 
compounding Greases and special Lubricants. 


EMERY INDUSTRIES, INC. 


Cincinnati 2, Ohio 


WOOL GREASES 


(Degras) 


Common — Neutral — Lanolin 


For All Pumpoces 
Refined by 


N. 1. MALMSTROM & CO. 


BROOKLYN, N. Y. 


Specialized Glycerides 
and 

FATTY ACIDS 

for 


Lubricating Greases 


WERNER G. SMITH CO. 


(Division of Archer-Daniels-Midland Compasy) 
2191 West 110th St., Cleveland, O. 


Fats & Fatty Acids 
For The 
Grease Manufacturer 


W. C. HARDESTY Co., Inc. 


NEW YORK, N. Y. 


Ship Safely 


Barrels made 
by J&L 


J&L STEEL BARREL COMPANY 


SUBSIDIARY OF 
Jones & Laughlin Steel Corporation 
PLANTS 
North Kansas City, Mo. - Bayonne, N.J. 
Philadelphia, Pa. - w Orleans, (Gretna) La. 
Cleveland, Ohio - Port Arthur, Texes 


CONTINENTAL PRODUCTS 


Metal Containers — Fibre Drums 
Paper Containers — Paper Cups 
Plastic Products — Steel Containers 
Machinery and Equipment 


CONTINENTAL CAN COMPANY, INC. 


100 E. 42nd St., New York 17, N. Y. 


Use Metasap Aluminum Stearate 
Bases for Clear, Transparent 


Water Insoluble Greases. 


METASAP CHEMICAL . 
COMPANY 


HARRISON, NEW JERSEY 


iam cation Guide, Truck Lubrication 
im Charts, Tractor Lubrication 


Charts, Farm Implement 
Lubrication Charts, Wall 
Chart, Truck and Tractor 
Booklet, Service Bulletin 
Tractor Digest, CHEXALL 


Ay MAN’S GUIDE to Automotive 


Learned” Training Manual. 


of. 


CHEK-CHART Automotive Lubr- 


Charts, Aircraft Lubrication 


Accessory Manual, SERVICE | 


Lubrication, “1 Listened and | 


THE CHEK-CHART CORP. 


Headquarters for Automotive Service 
624 S. Michigan Avenue, Chicago 5, 
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